A possible advanced DMS controller architecture is proposed by [4] as shown in figure 1. The DMS controller estimates the state of a distribution network. If an abnormal state occurs, it will carry out the proper control actions to ensure the level of the network security. The main objective of the DMS controller is to allow for maximum generation without exceeding any voltage limit or overloading any line rating. The DMS controller mainly consists of state estimator and control scheduling blocks. The inputs to the state estimator consist of real time network measurements, pseudo measurement injections and network data. Each measurement has an associated variance that weighs it to the state estimator. The real-time measurements are supplied from remote and local substations within the area where the DMS controller is managing the network. Pseudo-measurements are the estimation of load consumptions at the network substation transformers based on load model. The control-scheduling block requires network constraints and contracts for taking proper control actions.
C C I I R R E E D D
18 th International Conference on Electricity Distribution Turin, 6-9 June 2005
Distribution Network State Estimator
Unlike transmission system state estimation algorithms that use large number of real-time measurements, the DNSE (as illustrated in Fig.1 ) uses both real-time measurements and pseudo-measurements. The real-time measurements are obtained from critical monitoring points via communication systems. A technique to locating critical points for voltage measurement placement has been developed based on a series of load flows [4] . Pseudo measurements are obtained from load model based on the estimation of load consumptions at the network substation transformers.
The state estimation is a mathematical procedure by which the state of an electric power system is extracted from a set of measurements. The basic measurements are P, Q and V (real power, reactive power and voltage magnitude). In general, any measurement can be expressed as a function of the system states. Let z i denote a measured quantity:
where x is the vector of the system states, is a function of the system states specific to the measured quantity .
The DNSE is then presented as a minimisation problem, where the least square objective function minimises the sum of the squares of all measurements, ∑z i meas , of residuals, i.e. . A number of iterations are carried out to reduce these residuals. The equation for all measurements, including real-time measurements and pseudo measurements, is described by: 
where x is the vector of the system states; n is the total numbers of measurements; m is the number of real-time measurements; n-m is the number of pseudo measurements; is a the i 
EVALUATION OF DISTRIBUTION NETWORK STATE ESTIMATION

Distribution Network
An evaluation of a wind farm project at a predetermined location in a rural 11kV network as shown in figure 2 was carried out. The main source of the network is the 33/11kV transformer on bus 1 at the 33kV substation. The network includes two locations of wind farms connected at 11kV system on bus 11 and 51. The rest of the buses are connected in a radial network to supply distribution feeders at 11kV. To ensure the estimation voltage uncertainty below 0.71% for all buses, the DNSE needs a minimum four critical voltage measurement placement points at buses 1, 11, 51 and 81, which were identified based on a series of load flows [4] .
The DNSE algorithm calculates the voltages for all buses based on the minimum four real-time monitoring points and pseudo-measurement placement on wherever the real-time monitoring points are not used at the load buses in the network. Although pseudo measurements are subject to errors from load model calculation, they are always available to use. The concern for the DNSE algorithm is the availability of these communication channels used for real-time monitoring points. Thus the study focused on the evaluation of the DNSE algorithm performance against the availability of these four real-time measurement inputs.
Cases Studies
The work assessed the level of estimated voltage uncertainty of the DNSE if there's any unavailable real-time measurement from these four real-time measurement locations. The DNSE was run considering the real-time voltage measurements accuracy of ±1% and a fixed pseudo measurement accuracy of ±25% at all load buses. The estimated voltage accuracy and uncertainties based on the availability of real-time measurements were evaluated. 
Effect of Measurements On State Estimator
Based on the case studies, the estimated voltage uncertainty curves at all buses were calculated against either one, two, three or 4 measurements available at any time. Fig.6 shows four curves are the estimated voltage uncertainty on bus 1, 11, 51 and 81 against either one, two, three or four measurements available at any time. The mean curve in Fig.6 shows that the estimated voltage uncertainty is 1.2% when only one channel is available. However, the voltage uncertainty is reduced to 0.62% when all four channels are available.
Results from the case studies show that with increasing number of real-time measurements, the estimated voltage uncertainty at all bus locations can be decreased. To ensure the estimated voltage uncertainty level below 0.62%, the DNSE must use all four real-time measurements. If any realtime measurement is unavailable, the performance of the DNSE will be affected.
COMMUNICATIONS AVAILABILITY ANALYSIS
Various communication mediums, such as fibre optics, microwaves, public switch telephone network or GSM mobile network or unlicensed low power radio or power lines, can be considered for DNSE application. Since a limited number of real-time measurements at the critical monitoring points are considered by DNSE, the communication reliability for these critical measurements nodes becomes an important issue.
One of the communication system reliability components is the communication channel availability. Availability is defined [10] as the probability that an item will be available when required, or as the proportion of total time that the item is available for use. The proportion of total time that the item is available is the steady state availability (A), given by:
where: A is the steady state availability; µ the constant mean repair rate; λ the constant failure rate; MTBF the Mean Time Between Failure; MTTR the Mean Time To Repair.
Different types of communication medium have different availability performance due to its inherence design, its susceptibility to noise and ageing of its components. Based Based on each channel availability figure, the availability of a multiple channel system can be calculated using the formula of equation (4) below:
Where: n is total number of channels, m is the number of available channels, (n-m) is number of unavailable channel, p is the availability of each channel, q (=1-p) is the unavailability of each channel.
Refer to case studies, the DNSE needs 4 critical real-time measurements. Consider to select either optical fibre channels or leased channels. For 4 optic channels with 99.70% per channel, the availability of 4 optic channels is calculated as P of 98.8% (=0.997×0.997×0.997×0.997). For 4 leased channel with 97% per channel, the availability of 4 leased channels is calculated as P of 88.53% (=0.97×0.97×0.97×0.97). As the leased channel offers lower cost than optic channels, one must prefer to use the leased channels.
To achieve the same availability as 4 optic channels for leased channels, we can add one redundancy channel. It is assumed that 5 leased channels are installed, but only 4 must be used for the DNSE application and one channel is used as a redundancy channel for standard by, so that n = 5 and m=4. Based on equation (4), the availability of 4 leased channels plus one redundancy channel is calculated by:
As p = 0.97 for leased line circuit per channel, we obtain P of 99.15%, which is greater than 98.8% of four optic fibre channels. The result shows that the use of lower cost leased channels with the consideration of redundancy channels could achieve a similar or higher communication system availability than that of using fibre optic channels. As more channels cost more, but more reliable channels also cost more. This will lead to a further work for optimal selection of communication systems and cost for DNSE application.
CONCLUSION
This paper evaluated the impact of real-time measurement availability on a distribution network state estimator. Results show that with increasing number of real-time measurements, the estimated voltage uncertainty from the DNSE at all bus locations can be decreased. However a limited number of real-time measurements for critical monitoring points are considered by DNSE, the communication channel availability for these critical measurements becomes an important issue.
The analysis of communication channel availability for three types of communication channels has been presented. Results show that the use of an adequate number of communication channel redundancy, the DNSE is able to use low cost leased line circuits to maintain or even improve all busbar voltage estimation accuracy. By carefully choosing communication systems availability associated costs, this work will lead to an optimal design of a low cost of distribution state estimator for DMS application.
